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* NOTICES * 

JPO and IN PIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

1 . How to perform primary assay of a spectrometer device containing the following step : 
calculate a response function of a theoretical spectrum about a series of chemicals which can 
serve as a candidate.; 

In order to obtain a response function about a chemical which can serve as said a series of 
candidates expected, ; which collapses a response function of a theoretical spectrum with a 
response function of a spectrum instrument corresponding to said spectral device, and said 
response function expected are used as assay of said spectrometer device in measurement of 
a sequential chemical. 

2. A method according to claim 1 containing the further following step : measure a 
standardization study substance in which a series was authorized in sequential assay of said 
spectral device at a ****** sake. And said use step includes using assay and said primary 
assay sequential [ said ] as said spectral device further. 

3. Way according to claim 1 first half theoretical response function contains Doppler 
broadening of response of said spectrum, pressure broadening, or correction factors relevant 
to at least one of the correction for temperature. 

4. Way according to claim 1 response function of said spectrum instrument contains 
observation region, resolution of spectrum, noise of spectrum, apodization, or correction 
factors relevant to at least one of the wave number shifts. 

5. It is how to determine a window of a spectrum fitted to trace of a spectrum which was able to 
obtain experimentally trace of a spectrum calculated by resultant in it, and said method 
chooses a window which can serve as a candidate of a :series containing the following step.; 
An error of measurement which is likely to happen in relation to making trace of said 
experimental spectrum suit about each of a window which can serve as said a series of 
candidates is determined.; 

; and said last window which are used in order to decide the last window that has an error of 
measurement from which minimum happens substantially said error of measurement which is 
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likely to happen, and in which it deals in relation to each of said conformity are used as a 
window of said spectrum. 

6. Way according to claim 5 said conformity includes conformity by the classic least square 
method, or conformity of trace of said spectrum. 

7. Way according to claim 5 said conformity includes confonnity by the partial least square 
method about trace of said spectrum. 

8. a method according to claim 5 drawn by replacing an end of a window which is the interval 
in a window of a synthetically possible selected spectrum which all windows that can serve as 
said a series of candidates are alike, and cover isolated equally substantially. 

9. It is the method of determining concentration of minute amount gas in a gas sample using 
Fourier transform infrared spectroscopy, Said method, : containing following step (i) to (iii) - (i) 
- (b) which calculates a response function of a theoretical spectrum of a chemical which can 
serve as a candidate of a (a) series who does composition assay of a spectrometer by the 
following step - in order to obtain a response function with which a chemical which can serve 
as said a series of candidates is expected. It is alike and a response function of said 
theoretical spectrum is collapsed with a response function of a spectrum instrument 
corresponding to said spectral device. 

(c) Use said response function expected as assay of said spectral device in sequential 
measurement of a chemical. 

(ii) : (a) which determines a window of a spectrum to which trace of a spectrum calculated by 
the following step by trace of an experimental spectrum is fitted A window which serves as a 
series of candidates is chosen.; 

(b) Decide an error of measurement which is likely to be started in relation to conformity of 
trace of said spectrum about each of a window which serves as a series of candidates.; 

(c) In order to decide the last window that has substantially the minimum en-or of measurement 
that may happen, use said error of measurement which is likely to be started in relation to each 
of said conformity. 

(d) Use said last window as a window of said spectrum. 

(iii) In order to fit trace of a calculated spectrum to trace of a spectrum measured with a 
spectrometer, in order to decide concentration of gas of a component, thereby, use said assay 
and a window of said spectrum. 

10. A method according to claim 9 by which said concentration is used including concentration 
of ^^CO^ and ^^C02 in order that these may subsequently determine isotopic ratio 
delta^^COg. 

1 1 . A method according to claim 10 by which said minute amount gas is analyzed from a 
sample of a patient's expiration. 

12. A method according to claim 1 1 used in order that said ratio may decide whether said 
patient has at least one of Helicobacter pylori infection, lipid malabsorption, poor carbohydrate 
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absorption, a hepatic function obstacle, or the lactose malabsorption. 

13. A way according to clainn 9 said spectrometer measures said gas sample in the controlled 

atmosphere by which said temperature is controlled within 0.1 **. 

Said minute amount gas 14. C0_, CH ., CO, N.O, H„0, NH,, SO^, H^S, 0„ C^H^, C^H^, SF^ 
CHgCOCHg, CH^O, one of the isotopes of these, or a method according to claim 9 containing 
more than it. 

15. Equipment in a case of performing a method of a description to Claim 1 , 5, or 9. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

Technical field this invention to which the m ethod for measurement of the gas concentratio n in 
gas and an isot opic ratio and equipment i nvention belong relates especially to application of 
measurement of an isotopic ratio about using the technology of the spectroscopy of Fourier 
transform infrared spectroscopy (FTIR) for gas concentration or the ratio of concentration, for 
example. 

It is often required to measure correctly the concentration of the minute amount gas in the 
background air and the gaseous phase samples of invention (for example, expiration, products 
of combustion, gas of reclaimed ground, etc.) precisely. As for "minute amount" gas, it is 
typical that it is gas by which only a small quantity exists extremely in the given sample, 
for example, "clarification" - the inside of the air - the mixture ratio of some minute amount 
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It is difficult to measure these low mixture ratio correctly. The technique most general now that 
can be done well is based on gas chromatography and non-distributed infrared gas 
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spectroscopy (NDIR). An isotopic ratio is most generally measured by isotopic ratio mass 
spectrometry. 

Sadly, in the process of gas chromatography and NDIR, only measurement of one sort or two 
sorts of minute amount gas can usually be perfonned at once. Although an isotopic ratio can 
furthermore be measured with isotopic ratio mass spectrometry, the concentration of an 
isotopomer cannot usually be measured. 

Dramatically, it **, it reaches to an extreme of the cost of the equipment used for these 
technology in **, and it can become complicated operating it. Sadly the FTIR equipment 
included in the present hand does not have sensitivity enough for the forge fire which carries 
out exact and precise measurement of these minute amount gas in this low concentration 
level. 

When using the technology of FTIR, in order to measure a test sample, a multipass cell called 
a white cell is often used. The path length along which a sample passes becomes long by this, 
and sensitivity also becomes high. 

Now, reference is made about drawing 1 (a) - 1 (f) here. The example of the Intensity spectrum 
obtained when evacuation of the white cell is carried out is drawn on drawing 1 (a). The 
intensity spectrum 1 shows what measured the intensity of the infrared light which shone upon 
the infrared detector through the white cell containing no samples from the infrared light 
source. 

Drawing 1 (b) is drawing the spectrum acquired after filling a white cell with a "clean air" 
sample. This shows what measured the intensity of the infrared light which reached the 
detector, after colliding with the absorption molecule in a sample. As compared with drawing 1 
(a), the spectrum of drawing 1 (b) shows the strong absorption feature 2 near [ originating in 
absorption of carbon dioxide ] the wave number [ of 2400 cm ] "\ 

5rawLQg.l_(c) shows the absorption spectrum 3 produced by taking the logarithm of the ratio of 
the spectrum of drawing 1 (a) and drawing 1 (b). Since an Infrared light source, a spectral 
device, a white cell, and the contribution originating In an infrared photodetector will be 
eliminated If a ratio is usually taken, the acquired spectrum 3 is a spectrum of an air sample 
fundamentally. So, a little absorption features may be proportional to the concentration of a 
type of gas directly. The two important peaks 5 and 6 originate in absorption of CO2, and 
absorption of CH^ , respectively. 

Drawing 1 (d) is what expanded the field 7 enclosed with the frame of drawing 1 (c), and 
clarifies the details of the spectral line originating in ^^C0^9 and ""^CO^IO which are drawn 
clearly. In "clean air", the concentration of ''^0029 is 90 times the concentration of ^^C02 

generally. The fine structure of a spectrum originates in contribution of each rotational- 
quantum state. 

What expanded the field 12 enclosed with the frame of drawing 1 (d) is shown in drawing 1 (e). 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje7atw_u-http%3A%2F%2Fww4.ip 8/24/2011 



JP,2001-506753,A [DETAILED DESCRIPTION] 



Page 3 of 22 



The fine structure 10 of the 13^^ . . . . j x -i i-i m ^-i j ■ 

CO2 spectrum is shown in more detail like N2OI4 and the very weak 

absorption feature of C015. When the field 16 is expanded further, the still more detailed 
absorption feature of N2OI4 and C015 is shown. These molecular species do not exist in the 
deer air still less than 1/1000 of the abundance of CO2. 

Sadly, Measurement Division of the present FTIR has not succeeded in disassembly of such 
the detailed characteristic accompanied by the sufficient quantitive accuracy and precision for 
much application, such as monitoring of clean air. 

The purpose of summary this invention of invention is to provide the method and equipment for 
still more exact and precise measurement of the concentration of minute amount gas which is 
drawn on drawing 1 (c) - 1 (f). 

According to the side of the beginning of this invention, how to perform primary assay of the 
spectral device containing the following steps is provided. : The response function of the 
theoretical spectrum of the chemical which can serve as a series of candidates is calculated.; 
In order to compute the response function expected about the chemical which can serve as a 
series of candidates, ; which collapses the response function of said theoretical spectrum with 
the response function of the spectrum instrument corresponding to said spectral device -- and - 
- Said response function expected is used as assay of said spectral device in measurement of 
a sequential chemical. 

The step of measurement of the desirable standardization study substance as which a series 
was authorized in assay of said spectral device sequential in this method for the ****** reason 
is included further. And said use step includes use of said sequential assay and primary assay 
as assay of said spectral device further. 

Preferably, said theoretical response function contains Doppler broadening of a response of 
said spectrum, pressure broadening, or the correction factors relevant to at least one of the 
correction for temperature. 

Preferably, the response function of a spectrum instrument contains an observation region, 
spectral resolving power, apodizatlon, a spectrum noise, or the correction factors accompanied 
by at least one of the wave number shifts. 

According to the further side, TORESU ** of the spectrum calculated by the resultant in it 
provides the window of the spectrum which conforms to trace of the spectrum determined 
experimentally. 

According to the further side of this invention, the way trace of the spectrum calculated by the 
resultant in it determines the window of the spectrum which conforms to trace of the spectrum 
determined experimentally is provided. This method contains the following step. : The window 
which can serve as a series of candidates is chosen.; 

The error of measurement which is likely to happen In relation to fitting trace of said spectrum 
about each of the window which can serve as a series of candidates is determined.; 
; used in order to determine a final window with the error of measurement from which the 
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minimum may happen substantially the error of measurement which may happen in relation to 
each of the field which suited - and - A final window is used as a window of said spectrum. 
Preferably, the least square method about a measuring spectrum by a synthetic spectrum is 
included in the method of fitting. 

According to the further side of this invention, the method of determining the minute amount 
gas concentration in the gas sample using Fourier transfomri infrared spectroscopy is provided. 
This method contains following step (i) - (ill). : Synthetic assay of the spectrometer by the step 
of the (i) following is carried out.; 

(a) It is the total about the response function of the theoretical spectrum of the chemical which 
can serve as a series of candidates. ** is carried out.; 

(b) Spectral device [ in / for the response function by which; which collapses the response 
function of and a theoretical spectrum with the response function of the spectrum instrument 
corresponding to a spectral device, and (c) expectation are carried out in order to obtain the 
response function with which the chemical which can serve as a series of candidates is 
expected / sequential measurement of a chemical ] It uses as assay.; 

(ii) Decide the window of the spectrum which is fitting trace of the calculated spectrum to trace 
of an experimental spectrum by the following step. : (a) The window which can serve as a 
series of candidates is chosen.; 

(b) It is trace of a spectrum about each of the window which can serve as a series of 
candidates. The error of measurement which is likely to happen in relation to suiting is 
decided.; 

(c) Substantial in the error of measurement which is likely to happen in relation to each field 
which suited . Have the minimum error of measurement that may happen. In order to 
determine a final window ; to be used and (d) in order to fit; which uses the last window as a 
window of a spectrum, and the -(iii)-calculated trace of a spectrum to trace of the spectrum 
measured with the spectrometer. In order for this to determine the concentration of 
composition gas, the window of assay and a spectrum is used. 

It is advantageous to measuring the ratio to ''^[ of ^^C ] C, and especially this invention is 
advantageous when it is especially a form of carbon dioxide. 

Although this invention measures the minute amount gas contained in a patient's exhalation 

sample with Fourier transform infrared spectroscopy (FTIR), it is used especially. 

According to this invention, it is still more advantageous at the point which can measure 

various minute amount gas by the technology of FTIR simultaneously. 

: which the desirable form of this invention mentions the following Drawings, and is illustrated 

only as an example irrespective of what kind of form of the others which can go into the scope 

of brie f explanation of the drawings this invention -- drawing 1 (a) - drawing 1 (f) are the plots 

of the spectrum as an example of a clean air sample. 

Drawing 2 and 2 (a) are the schematic views of a preferred embodiment. 

Drawing 3 is a figure showing the process of conformity-izing of a spectrum. 
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Drawing 4 is a figure showing the process of determining the window for assay. 
Drawing 5 is a figure showing the "error surface" about the position of the window for assay. 
DrMLngA's a figure showing the plot of a ^^CO^ [ in the expiration of a Helicobacter-pylori- 
infection patient and an uninfected patient ], and ^ ^CO^ isotopic ratio. 

The preferred embodiment 20 for suitable and performing a little gas determination to 
explanation, now drawing 2 of other embodiments is shown as a schematic view. The 
equipment 20 contains the bow man (Bomem)MBIOO FTIR spectrometer 21 of maximum 
resolution [ of 1 cm ] 'V A spectrometer is obtained from the bow man company (Bomem Inc.) 
of Canada and Quebec. A spectrometer interacts with the white cell 22. The white cell used is 
infrared [ of the U.S. and California ]. it obtained from the analysis company (Infrared Analysis 
Inc.). The infrared light line 25 will go and come back to a cell to 40 times with a spherical 
mirror, and the absorption of light by an interaction with a sample will increase the white cell 22 
by that cause including the multipass gas cell which has the mirrors 23 and 24 of sphere form 
in both ends. The infrared light line 25 is projected by the reflectors 27 and 28 from the 
spectrometer 21 . Preferably, if the spherical mirrors 23 and 24 are used, the overall length of a 
course will be set to 9.8-22. 1m. A MKS bara ton (Baraton) capacitance pressure gauge is used 
for measuring the pressure condition in the white cell 22. As for an infrared light output, after 
passing along the white cell 22, before going into the detector 31 which may contain the indium 
antimonide (InSb) infrared photodetector cooled with liquid nitrogen, being reflected by the 
mirror 30 is preferred. 

Although the range of this invention is not restricted, as a detector of other molds which can be 
used, The following are contained (not restricted to these). : Even if cooled with the MCT (or 
Peltier cooling may be carried out) (mercury-telluride cadmium) detection meter -liquid nitrogen 
cooled with - liquid nitrogen, Or the PbSe (lead selenide) detection meter which Peltier cooling 
may be carried out or it has not cooled, i.e., may be used under a room temperature. Although 
it is not so highly sensitive as the detection meter in which the PbSe detection meter under a 
room temperature is cooled, it has sufficient sensitivity for measurement of many molds. 
- A DTGS detection meter, Peltier cooling. 

It is dramatically important to control the state around a white cell and the spectrometer 22 by 
the suitable equipment 20. From this viewpoint, white t RU 22, the detection meter 31, and the 
spectrometer 21 are first enclosed with the outer packaging 37. This outer packaging 37 is the 
equipment made intentionally. 

It consists of a box made from perspex by which the seal is carried out so that indoor air may 
not go into the inside of the outer packaging 37. 

It functioned as a barrier on the temperature between the interior of a room and the inside of 
the box 37, and, thereby, equipment was able to perform temperature control correctly. 
The Euro therm temperature controller connected with the inside of the outer packaging 37 at 
the fan heater was attached. Stability of the temperature inside the outer packaging 37 was 
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carried out to less than 1/10 ** by this, and good temperature control was essential to the most 
exact measurement. The platinum RTD sensor was used for measuring the temperature of 
several places in the box 37. Furthermore, the inside box 40 was assembled so that the 
infrared light line 25 which was assembled by perspex and came out of the spectrometer 21 
might contain the portion which goes into the white cell 22 and goes into the detector 31 . The 
seal of the box 40 made from perspex was carried out so that indoor air might go into the box 
40, therefore might not affect the infrared light line 25. It was made for the efficiency which the 
critical volume between the white cell 22, a spectrometer, and a detector is swept out by 
nitrogen gas, and deals in the inner case 40 made from perspex to serve as the maximum. 
The sampling manifold 35 is made from copper, stainless steel, and a Teflon tube. 
The oven 40, the solenoid valve 41 , the vacuum pump 42, and the nitrogen **** tank 43 are 
included. 

A sampling manifold is assembled by the conventional method and can introduce the sample 
36 into a white cell if needed from surrounding atmosphere, pressurized gas cylinders, glass 
small sample flask, or sample bag. The vacuum pump 42 was connected with the manifold in 
order to use for removing a sample from a white cell after analysis. In order that only the 
molecule which the infrared light line met and absorbed infrared light might make it sure that it 
is a molecule introduced into a white cell through the gas sample line 45, the sweep of the 
inner case 40 was carried out to the spectrometer 21 with the hydrogen gas which it was pure 
and was always dried via the **** line 44. 

The analysis and the control computer 46 using the IBM PC-compatible type machine which 
can'ies a 486 Intel processor were used. In order to obtain the data of a spectrum, the supplied 
bow man interface card was used so that connection 47 between the computer 46 and the 
spectrometer 21 could be performed. The computer 46 is the conventional strawberry. Tree 
Minnie 16, data incorporation, and a control card (obtained from the strawberry tree 
(Strawberry Tree) of U.S. California) were equipped. By data incorporation and a control card, 
automatic incorporation of the data of the pressure from an analog input channel and 
temperature could be carried out, and opening and closing of the solenoid valve in a sampling 
manifold were also completed from the digital output channel of the sampling manifold. 
The switching box 48 was also assembled so that control by manuals, such as a solenoid 
valve, could be performed with a switch, and this structure was also the conventional thing. 
In other working examples 20a, the single pass cell 22a has become instead of the white cell 
22 of the equipment 20. The equipment 20a instead of another can be used when the long 
course which passes along a gas sample cell is unnecessary. The shorter course will be 
applied when the gas of the analytic object, for example, pure methane, is contained by very 
high concentration in the sample to analyze. Long path length is suitable when the type of gas 
of an analysis object exists only by low concentration extremely for example, like the carbon 
monoxide in which only 50ppbv (volume 1/1 billion) exists in the sample of clean air. 
By using two ones of gas sample cells, it can be used over the total range of the path length 
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that the method of this invention is from IV1IRIMETA to hundreds of meters. 
When malcing the equipment 20 and 20a, it should be cautious of it having turned out that a 
certain natural and artificial substance disturbs the mixture ratio of the obtained minute amount 
gas. For example, it turned out that a nylon tube is a serious supply source of carbon 
monoxide gas. It was observed that other polymers and elastomers disturb carbon dioxide 
levels etc. When it could not bar carrying out back-diffusion of gas from a rotary oil vacuum 
pump, it turned out that hydrocarbon checks measurement of the spectrum of methane which 
is hydrocarbon too. 

It is also important to dry a sample in order to remove the influence of water from the spectrum 
acquired. Many especially strong absorption features originating in H^O can check the spectral 
characteristics of CO, N2O, and CH^. A little some driers used in order to dry air, for example, 
molecular sieves, disturb gas concentration, and changing the isotopic ratio of the carbon 
dioxide which passes along these is known. Therefore, as for desiccation, it is preferred to 
carry out using a drier in the sampling manifold eliminated or a possibility of changing sample 
measured value was minimized. As stated previously, generally Copper, a Teflon tube, glass, 
Un-lubricous brass, stainless steel, and a Viton lead pipe instrument were understood that it is 
suitable and magnesium perchlorate and/or the Nafion (registered trademark) dry system 
(obtained from a U.S., New Jersey, and Pamria pure company) are suitable. 
It should be further careful by using the equipment 20 and 20a that a small quantity can be 
measured extremely and a very small quantitative change can be measured. It turned out that 
it is so easy that it is dangerous to introduce into a system change which will lose the accuracy 
of measurement or will obtain an inaccurate result. So, as for the cautions about 
measurement, it is preferred that it is a high grade. 

Each measurement as which the sample was authorized altogether was pulled out from 
acquiring four or less separate spectrum. Spectrum of the cell which lengthened these to :(1) 
vacuum; 

(2) The logarithm taken in order to obtain the spectrum of the unknown sample which took the 
ratio with the former, and an absorption spectrum; 

(3) spectrum [ of the cell lengthened to the vacuum ];, and (4) - the sample spectrum for assay 
(after-mentioned) which gives the absorption spectrum standard [ for assay ] for gas when 
taking a ratio and logarithm. 

Such four separate experimental detemiination cannot happen simultaneously. By time, the 
action of equipment changes delicately, and it deals in it, therefore it can introduce the source 
of an error into analysis of the data of a spectrum. This is not an only hypothetical idea but a 
very actual effect. In order to make the sensitivity and accuracy of an instrument to be used 
into the maximum, many efforts must be taken about the equipment 20. And the source of the 
instability in the instrument used for a long time must be clarified, and must be removed. 
Although written about the reference spectrum of a vacuum cell, if FTIR spectroscopy can 
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measure the absolute concentration of the gas in a sample, it is not necessary to necessarily 
take the reference spectrum about a vacuum cell. For convenience, a reference spectrum 
could be taken by filling a sample cell with the gas which does not absorb any infrared 
radiation, or the gas by which the type of gas of the measuring object is removed. 
When this spectroscopy is used as an expiration testing method on diagnosis in order to 
measure the difference between two samples, a vacuum or nitrogen, the air except CO2, or the 
air that is not removed can be suitably used for the spectrum for reference as reference. 
Although a certain gain is acquired by reducing the ratio of the noise to a signal with scanning 
a sample for a long time, if it opens too much for a long time and various samples are 
measured on the other hand, there is a turning point which becomes unproductive. The 
purpose of exact arrangement of an instrument and measurement and the sample to measure 
showed that the scan for 2 to 8 minutes was the optimal. The slight change of the humidity of 
few [ the intensity of an infrared light source and the sensitivity of a detector ] changes with 
time and temperature, sample pressure, a sample, or sweep gas can become the cause of 
changing the spectrum of each single light measured slightly. If it puts in another way, this 
slight change will turn into change of an absorption spectrum, and it will serve as disorder of 
the result obtained by calculation of concentration next. It turned out that it is the best practice 
which is measured as much as possible in combination as a dish as the spectrum of a actual 
sample is taken, immediately after taking one spectrum of an empty cell after another for time. 
It is more preferred to often perform assay by standard gas if needed than seldom authorizing. 
The temperature of the portion which it turned out that it is very important, therefore was 
enclosed was set constant, and it also understood it that it is important to measure a pressure 
correctly to bring total measurement close to the same sample temperature and sample 
pressure as much as possible, and to measure it. These the consideration of all is the trials in 
which change which it is going to measure, i.e., a change other than change of the 
concentration of the minute amount gas in a sample, will be removed from the source of a 
spectrum. 

The sweep of the volume 40 of the spectrometer 21 and an inner case was carried out with the 
high purity nitrogen gas which flows by a part for about 200-ml/. It made into the clear thing for 
the environment passed after coming out before an infrared light line goes into a white cell to 
become fixed optically, and not to contain a deer absorption molecule by this, as few as 
possible. In addition, before going into the equipment **** line 44, the SOFUNO cat catalyst 
(obtained from Britain, Essex, and Molecular Products) was used, nitrogen gas was dried 
further, and CO was removed. It turned out that CO of various, comparatively high levels is 
included, and the usual high purity nitrogen marketed did not have [ accuracy / of analysis of 
CO ] this in a deer bad potentially. 

A sample is analyzed in the range of a different pressure and temperature conditions in 
principle, and, subsequently it is possible to correct a result to one standard temperature and 
pressure using an ideal gas law. It is possible to compare directly the result obtained on 
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condition of different versatility by this. However, an ideal gas law is actually satisfactory only 
to approximation of the first [ about ] order. The effect of a secondary order may be sufficient 
size to spoil the accuracy of measurement. For example, according to the ideal gas law, the 
effect of the primary order of a rise of the sample temperature from 300K to 303K in constant 
pressure will serve as 1 % of reduction of the concentration of a gas sample. However, the 
effect of a secondary order changes path length, including [ therefore ] thermal expansion with 
the slight white cell itself. It is easy to produce redistribution of the molecularity which tends 
toward the high rotational energy state which happens with the big thermal energy obtained. 
These effects change the intensity and the form of a spectrum of a sample by the method 
which is not explained depending on an ideal gas law. This effect is not usually so large. 
However, when it is going to measure the ratio ^"^002:^^002 in 1 set of samples, in 0.01% of 
accuracy, the effect of a secondary order may have to make a result spoilt, and must clarify a 
cause thoroughly first, or must avoid it. The best method is avoiding by controlling stability very 
severely about an instrument, the pressure of a sample, and temperature. So, 1 set of samples 
are respectively analyzed the best in the same temperature and pressure within the limits of 
**0.1K and 20**0. 1mbar. This is realized in a preferred embodiment by using exact and 
automating constant-temperature-izing, temperature, control of a pressure, and the outer 
packaging 37 as a thermal isolation thing. 

The spectrum acquired as an analysis result of a sample by that it is a computer-processing 
misf ortune of a result is under the influence of many change which must clarify a cause. 
Therefore, it is necessary to perform the assay process of the equipment of a 
spectrometer/detector, and quantitive analysis of the spectrum acquired. 
It is desirable to determine the concentration of whether to be and to attach of the composition 
gas of a sample by introducing the air and the gas sample for which the white cell 22 does not 
understand composition, and collecting the FTIR spectra of an unknown sample, and 
analyzing a spectrum. In order to carry out this, it is required to determine 1 set of rules for 
deciding how the information on the mixture ratio is pulled out by connecting the feature of the 
spectrum of the mixture of a composition kind to the mixture ratio of each composition kind in a 
mixture quantitatively directly. It is introducing some samples of known composition into 
equipment as a traditional method of performing this, and acquiring those spectra. And a fixed 
quantity of correlation (mixture ratio and intensity of a certain feature in the absorption 
spectrum of a mixture including the composition kind) between each kinds can be changed. 
Equipment can be authorized if a fully different mixture which the presentation understands 
correctly is analyzed. Then, the spectrum of an unknown sample can be analyzed from a 
viewpoint studied from behavior of the spectrum of a known sample. 
It is not actually easy to finish this. It is difficult to make one set of the big sample for assay 
suitably of the mixture of actual gas, and it takes time, and requires expense. Measuring the 
spectrum of these samples for all assay requires time similarly. Since the response of 
equipment can move temporally if the perfection of assay of equipment must be supervised 
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and maintained, it will be necessary to perform assay periodically. 

If one of the measurement parameters (for example, sample pressure in the inside of a white 
cell) changes, it will be necessary to reauthorize equipment altogether once again in the new 
state. In actual measurement, even if it is, assay of equipment is not performed rarely and the 
quality of the data taken out from the spectrum is reduced. 

According to this invention, the arrangement 20 is authorized to a series of synthetic spectra 
according to the below-mentioned rational analysis. 

Calculation of a theoretical composition spectrum is due to the pressure depending on line 
pitch nu^, line strength [ with which it integrated ], S, and low state energy level E^, and 
Lorentz half width value alpha|_, and the thing which edited the absorption line parameter 
including temperature about each absorption line of each molecule. HITRAN[L. for which the 
set of one suitable line parameter is generally used S.Rothman et al., Journal of 
Quant.Spectrosc. 

by Radiation Transfer and 48,46 9(1992)1, this resembles the gas in the respectively general 
atmosphere of 31 occasionally, makes it it, and contains the line parameter of the isotopomer. 
Other known lists and false line parameter of heavy gas called Freon 12 (CF2CI2) can also be 
used. 

Each absorption line of each molecule contributes to the optical depth of the whole sample in 
each wave number. About each absorption line k of the molecule i, the contribution to optical- 
depth T of the monochromatic light in the wave number nu is given with a following formula. 

tau.'*(nu) =sigma.\nu) -a. (1) 

a. expresses the total equal the course length twice of the concentration of the ingredient i for 
an absorption index or a cross-section area among a formula. [ in / in sigma.j^ (nu) / nu ] 



absorption Index is calculated from the line strength with which it integrated by convolution with 
the shape of true linearity. 

There are the two main expansion mechanisms which contribute in the shape of linearity. 
Doppler broadening is based on random molecular motion, and draws the shape of linearity of 
a gauss. 

fo(y) = «p c--^) (2) 

alpha^ is a half width value of the Gaussian distribution in height 1 / e among a formula, 



(3) 
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As for the mass of a molecule, and K, the absolute temperature and c of a Boltzmann constant 
and T are [ m ] the speed of light among a formula. 

Pressure broadening depends a molecular energy level on the collision which carries out a 
perturbation, and draws the contribution to the shape of Lorentz's linearity. 



/z.(v) ■■ 



(v-yf^4 (4) 



Among a formula, alpha|_ expresses the half breadth of Lorentz in the point of taking the value 
of the height of the half of an extremum, and Is proportional to total pressure. The Lorentz half 
breadth and its temperature dependence in 1atm are table-ized per each absorption line in the 
HITRAN database. Gauss half breadth is calculated from temperature and a molecular weight. 
alpha|_ is [ about 0.7 cm"''atm''' and alpha^ of a typical value ] 0.003 cm''' by the molecule of 
the size of the medium in a room temperature. Thus, except for low pressure, Lorentz's 
contribution is dominant. The shape of collapsed linearity Is known as a forked profile. 



strength with which it integrated, and the shape of two linearity. : 

® ^fcfc^^^^^t-o m^-^nitm^mt. hitrant^-^^ 

In the base, it is table-ized about 296K, and when calculating, amendment by temperature 
must be carried out. The contribution (it is small) from the correction for temperature by the 
temperature dependence to distribution with a low energy state level and spontaneous 
emission is given with a following formula. 

S(7)- 5(296) xQgg^x ^ ^ 



^^96^ ^ 296' 



(6) 



Q's expresses a partition function among a formula and c^ expresses a secondary radiation 
coefficient (= hc/k=1.439cmK). 

The optical depth of all the monochromatic light in the pitch nu in a single uniform layer is the 

sum total of T."^ (nu) about the total absorption line of all the molecules. : 

= E E tfCv) 

k (7) 

The transmission spectrum of the sample except the effect of equipment is expressed with a 
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= ' «p[-T(v)] (8) 

following formula. 

Iq (nu) and I (nu) show intensity before and after crossing the restricted suitable sample within 

a time to absorb among a formula. A corresponding absorption spectrum and A (nu) are simply 
equal to T (nu). 

However, it is true intensity in order to show the spectrum observed or measured with every 
spectrometer. l=lQexp[-tau(nu)] 

It was alike and the function of the shape of linearity of an instrument is collapsed. If the width 
of the linearity-like function of an instrument is much narrower than the shape of linearity of 
true monochromatic light, the above-mentioned relation between T and A will serve as good 
approximation. However, it does not often become such a thing. The shape of linearity of the 
equipment in the spectrometer without a phase error which aligned perfectly is apodization 
linearity-like convolution in itself. 

It depends measuring (apodization) applied to an interference photograph as a function of the 
difference in an optical course, and in the shape of [ for which the width depends on emission 
of the parallel beam by the diameter of an input control port of an interferometer being limited ] 
rectangle linearity. 

Contribution of the width of rectangle linearity-like emission or observing space (FOV) is equal 
to nualpha^/2, and alpha is the half width of emission here. 

In alpha=phi / 2f, phi is a diameter of the caliber (collimator place diaphragm) of the entrance in 
a spectrometer, and f is a focal distance of a collimator. 

The greatest angle of divergence that can be permitted is decided by the resolution and the 
number of maximum vibrations of a spectrum, since the calibers selected the optimal are 
nu^g^alpha^=1/L (L is the maximum optical path difference in an interferometer here) - 



* = 2/ — ^— (g\ 
therefore N ''^^ 

The contribution to the shape of rectangle linearity-like linearity of FOV as a result, and 0.5/L 
are narrower than the width of the narrowest APODAIJINGU function (a boxcar, 0.603/L) for 

how many minutes. 

If f| (nu) expresses the shape of linearity of an instrument, the measured spectrum will be given 
with a following formula. 



(10) 

And the measured absorption spectrum W®//^) 



A'(v) ^ -log (.-^-^^^^) (11) 
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Spectrum 1' or A' calculated as mentioned above must be the same as the spectrum acquired 
by the spectrometer of ideal FTIR. As a result of obtaining good conformity of the measuring 
spectrum using the calculated spectrum, this is usually actually attained in that it is close to the 
level of the noise of a spectrum with a actual residue spectrum (the spectrum formed into = 
conformity actual spectrum) after conformity-izing, so that it may see below. The nonideal thing 
of measurement of a FTIR spectrometer appears in a residue, and will give the valuable 
information about the possible error under performance of a spectrometer. 
According to an equation (6), correction for temperature of the HITRAN line parameter is 
carried out. Contribution of the vibration to a partition function is estimated by harmonic 
approximation, a rotational contribution is proportional to T by a linearity molecule, and it is 
proportional to T^ '^ in a nonlinear molecule. The index of the temperature dependence of the 
Lorentz half breadth is taken from a HITRAN line parameter. A line position and intensity 
formed the spectrum of the "mark" (stick) of delta-function, and delta-function has collapsed 
above-mentioned Lorentz and a gauss linearity-like function, in order to obtain the optical 
depth of monochromatic light, and T. (nu). The operation of convolution is as being shown 
below. The spectrum of the optical depth of the single element of each gas is saved in order to 
reuse later. T(nu) =exp by which the optical depth is added together about a total absorption 
molecule, and the penetration of monochromatic light is calculated as follows (-tau (nu)) 
Finally, the transmission spectrum of monochromatic light is collapsed with the linearity-like 
function (apodization and FOV) of an instrument, and is changed into y-axial element 
(transmissivity or absorptivity) needed. This step fits a monochromatic light spectrum to the 
spectrum with which quality fell in the meter, and fits a point interval to it of a true spectrum. 
Preferably, the last spectrum is good to save in order for a commercial software package, for 
example, LabCalc, and Grams (GYARAKU Tick Industry, New Hampshire) to analyze. 
About 1 set of spectra for assay, the range of the number of the spectra needed and the 
concentration of each absorber is inputted, and 1 set of spectra with the random concentration 
of fixed within the limits are calculated. A variable baseline can be arbitrarily included in one of 
them by treating offset of a baseline, an inclination, and curvature as an additional false 
component to which baselines other than zero are fitted by a actual spectrum. Similarly, 
supposing he wishs, a cycle and a phase are fixed so that it may suit, and the intensity can 
include one or two etalon spectra (namely, channel spectrum) as an additional false 
component in calculation as a variable simple cosine function. A cycle and a phase must be 
decided from the residue after suiting without including an inspection, for example, a channel 
spectrum. It is only improved although a simple cosine function is only approximation of the 
actual channel spectrum included, however, so that conformity-ization is surprised that it 
contains. It is preferred to make the list file of the spectra for assay of all the and the 
concentration of molecular species from the form which was finally suitable for processing with 
the above-mentioned software package by calculation of the set for assay. 
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each molecule - a line parameter - Drayson[- S. - it is collapsed with the shape of true 
forked linearity for every line using the operation of R.Drayson and Journal of 
QuantSpectroscRadiatlransfer 16,611(1976)]. The Fourier transform performs the 
convolution with the function of equipment using the Fourier convolution principle. The Fourier 
transform of the transmission spectrum of monochromatic light is carried out, It Is standardized, 
an end is taken, **** and the selected APODAIJINGU function are imposed, and the Fourier 
transform of the long quadrangular shape by limited FOV and sin(pinualpha^x/2)/ 
(plnualpha^x/2) are applied. The changed spectrum is back conversion, and an end is cut out 
from It so that the point Interval of the actual spectrum with which a point interval is compared 
may be suited. An apodizatlon function can be chosen from many functions generally used, 
such as a boxcar, trigonometric functions, Happ-Genzel, or the Norton Baire function. 
It Is substantially [ as 1 full run making one full set of an assay spectrum from the operational 
term of a synthetic spectral calculation program (henceforth MALT) ] equal. The larger one 5 
times of the number of 40 spectra or components and of these must be calculated typically. ; 
according [ the number of the assay spectra needed ] to the gap from an Ideal veil Lambert 
rule selectively - only N spectra are needed, if there are N components and anything does not 
have a noise, when following an Ideal veil Lambert rule. However, in the spectrum made by the 
resultant by computer in suitable fixed time, the cost of time to make many sets for assay may 
be disregarded. 

All the spectra being shown, and plotting and analyzing them. It can carry out using software 
which Is called standard LabCalc or Grams (obtained from GYARAKU Tick Industry of U.S. 
New Hampshire) which uses the program which decided or Is habitual and which Is marketed 
and Is obtained. The used classic least-square-method (Classic Least Squares) software, 
GYARAKU tick required even If it Is marketed as an addition of LabCalc so that it can be used 
It was based on the Quant Classic package of Industry. The theory which Is behind the CLS 
method is shown by D M Haaland of Applied Spectroscopy and vol.3973 (1985), R G 
Easterling, and D A Voplka. 

CLS (Classic Least Squares) analysis Is one of the technology of chemistry Measurement 
Division of shoes to be developed about in 10, and is suitable Ideal to take quantitative 
information from a spectrum. As other suitable technology, there are PLS (partial least square 
method) and PCR (revolution of main elements). Software of marketing which has 
Incorporated some of these methods Much package is taken out. 

CLS is the technology about all the spectra. Probably, the focus doubled with the known single 
absorption peak specially accompanying [ analysis / a seed ] the kind In a spectrum In advance 
of development of the technology of these chemistry Measurement Division. Probably, by 
using the one-set spectrum for assay, the relation was drawn from between a peak height (or 
the time area under a peak), and the quantity of the kind in a sample. Measurement of the 
height (or area) of the peak of an unknown sample provides direct measurement of the 
concentration of an unknown sample in this way. 
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CLS differs from this metliod in tliat it is said ttiat simultaneous analysis of many absorption 
features over one or some fields of a spectrum is possible. Therefore, the peak of many 
spectra is used rather than one. It is very efficient to use the information in this spectrum. More 
serious analysis of the molecule which has the feature in a spectrum to overlap by this 
technology can also be performed. The result can really measure the kind of shoes 
simultaneous very correctly as [ in 1 sample (for example, a little COs in the 
atmosphere) ], CH^, and gas. 

In CLS analysis, they are two steps, assay and prediction, and ******. The first step is having a 
set of the spectrum for assay which is made as an input using an above-mentioned MALT 
program and HITRAN database. These are the spectra of known mixed gas and the 
concentration of a composition kind differs for every spectrum, this set to a CLS assay step - a 
single element spectrum - as [ exist / namely, / in a mixture ] - single - each - each spectrum 
of a pure element is pulled out. Thus, at this time, an element was not mixed and the output 
from an assay step serves as a set of other spectra which are the single units about the 
concentration of a pure element. 

A prediction step is a certain meaning, and its assay step is inside-out and there is. The input 
to a prediction step is a actual spectrum of a mixture, and is the concentration of each 
unknown element. In CLS analysis, the spectrum fitted to the actual spectrum is assembled by 
adding the spectrum of the single element of the quantity for which it was suitable beforehand 
drawn at the assay step so that the difference of the fitted spectrum and a actual spectrum 
may serve as the minimum. And the quantity of the spectrum of each single element used in 
order to assemble the fitted spectrum Is used as concentration of the element in an unknown 
sample. 

Now, the example most fitted to the actual spectrum with the classic least square method is 
drawn on drawing 3 . The actual spectrum 50 is a spectrum of a clean air sample. 
51 most fitted with the corresponding classic least square method is biased on a Y-axis, in 
order to show clearly. 

The residue spectrum 53 which is a difference of a actual spectrum and the fitted spectrum is 
shown. The residue spectrum 53 is useful as a feature which shows the quality of conformity. 
For example, in drawing 3 . much characteristic 54 which shows existence of the unknown 
pollutant of some in a sample which can disturb taking out the mixture ratio is seen near the 
2240 cm" of a residue spectrum. 

The above-mentioned process of having used the calculated spectrum which is drawn from a 
HITRAN database or CLS analysis is used in order to perfonn primary order of an instrument, 
or main assays. The reference standard for assay in this case is considered as a HITRAN 
database, subsequent more perfect assay is performed by analyzing the actual sample from 
the tank for assay containing the air which characterized well by the independent technology 
and was carried out and which is constructed with **. In the working example of this invention, 
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while the concentration of the minute amount gas in these tanks was obtained, the best 
Intemational assay scale (maintained by NOAA/CMDL and the U.S. Department of Commerce) 
was referred to. It turned out that there may be a difference in a maximum of 5% of system in 
the concentration authorized by FTIR MALT/HITRAN, and the concentration by an 
international scale. This is considered to be based on the limitation in some of required 
assumption when using MALT and HITRAN for assay of equipment. In many uses, the error on 
less than 5% of system is not a serious problem. However, when supervising the concentration 
of minute amount gas about some uses, for example, clean air, or when performing 
measurement of an isotopic ratio, assay of a higher level may often be needed. 
Assay more perfect next is performed in these cases by sampling from the actual tank for 
assay containing the air by which concentration is measured with the international scale. This 
is useful to relate a FTIR MALT/HITRAN assay scale with the scale which was able to be 
accepted internationally. The equation of simple linearity appeared in changing into an 
international scale enough, and a certain thing usually found for it the concentration to which 
FTIR returned. 

For example, at intervals of 30 minutes, the equipment of drawing 2 was used for analysis of 
the sample of the air from the surrounding atmosphere, and the sample of the assay gas 
characterized well was continuously analyzed every 6 hours under the same conditions 
several weeks. Thereby, a little exact revolutions of the concentration of gas were not only 
completed, but it was able to consider accuracy as 0.1% of order. 

When using a CLS conformity process, it is required to fit the spectrum of the single element 
drawn to the resultant to the actual experimental spectrum of mixed gas, therefore in order to 
perform such conformity, it must be decided of which field a spectrum is used. For example, 
the spectrum of the sample of the air containing of 310ppbv is shown by drawing 4 . Since 
the spectrum by which N^O was calculated is clear, It offsets on a Y-axis and 61 is shown. The 
total absorption characteristic in the infrared region of an N^O kind has happened in the field of 

2170-2270cm"'' substantially so that it may see from drawing 4. 

If it puts in another way, the information provided by the spectrum about N^O will be 

concentrated on the field. In order to acquire the quantitive information about from a 

spectrum, the window for assay of optical CLS is intuitively considered to be in the hit of the 

fieldof2170-2260cm"''. 

However, there is a gain important about accuracy by deciding regularly the ideal right and left 
ends of the window for the assay about the kind of each each rather than intuitive. About N^O 

in the air, the half (2170-2225cm"'') 64 of the band of has clarified as compared with the 
absorption band of comparatively others, and some weak CO lines have hung slightly. Other 
halves (2225-2270cm''') 65 are mainly under the very powerful absorption line by ""^002 . If 
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the determination for fitting only in the field which is not made ambiguous by is 
made, this will throw away even the half of the information on N2O which can measure more 
correctly potentially. On the other hand, if all the information on N2O under ^^C02 is included, 
a risk of measurement of N2O being confused by interference from the absorption feature of 
stronger ^^C02 will become higher. The contents of the information on N2O will be weakened 
using the information from strong ^"^CO. 

The spectrum and the assay process of CLS which were calculated by MALT are only used for 
the ideal CLS assay window about a seed, and it can determine them regularly. The first step 
is making the one-set spectrum which simulated the shape of linearity of a spectrum and the 
field of concentration which were obtained by the instrument, and to analyze using MALT. The 
wave number field of the MALT spectrum must exceed the field of the wave number position 
considered to be an optical assay window. First, the guess about the best right and left ends of 
the window for assay is performed. A CLS assay step is performed according to the spectrum 
calculated by MALT as an input using these. The same with authorizing by a CLS operation. 
The statistical evaluation of the accuracy of assay is obtained (Root Mean Squared Deviation 
(****** of an average of the square root of a deviation) of Standard Error of Prediction(standard 
error of evaluation); or the same statistical testing curve can be used). That is, a CLS assay 
step estimates whether various kinds of concentration can be however revolved correctly from 
the spectrophotometrical information provided by the window about one set to which the input 
spectrum was given, and the predetermined window for assay specified by the right and left 
ends. In order to determine the optical window about a predetermined kind statistically, a CLS 
assay step is performed repeatedly, but it carries out by the different window for assay for 
every time. What plotted the standard error (Standard Error of Prediction) opposite left right 
window end of the predicted value in three dimensions is obtained. Now three dimensions 
"accuracy surface" are made and this gives the minimum point which specifies the window for 
assay by which still higher-precision revolution of the concentration of a seed is acquired from 
a actual spectrum. 

drawing 5 shows the accuracy surface of assay of such N2O measured in the field of a 

boundary attachment **** spectrum by 2010 cm"'' and 2180 cm"\ From the position of the 
minimum point of this surface, it is suggested that the wise selection about the window for 
assay of N2O is a field of 202G-2260cm''' . This optical window has the right end 67 and the left 
end 68, and is shown in drawing 4 . Since all the information about useful N2O in a spectrum 
cannot be used if a left end is lower chosen from 2260 cm'\ the accuracy of measurement is 
spoiled. On the other hand, if the left end of a window is chosen from 2260 cm""" much highly, 
the accuracy of measurement will be lost whether the contents of the information on N2O are 
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made ambiguous a little, and by including the information on much strong to weaken in 
a window. Somewhat, the optical right end 67 of the window of is 2020 cm'\ and includes 
the wide area where absorption of N^O and absorption of other kinds are also very small in an 
anti-intuition target. It is because it is just useful for a baseline to be characterized by these 
fields to include the field of such a baseline in the window for assay. Only when the baseline 
has characterized well, by referring to it, the absorption feature of a non-baseline is controlled 
well and improvement in the accuracy of measurement can be aimed at. 
It is thought by other more complicated numerical optimization technology, such as a 
simulation of annealing known by people skilled in numerical analysis, that it is probably further 
improvable about selection of the window for assay. 

The various kinds concerned are considered that the window of a spectrum is calculable 
beforehand at the time of use. deciding one window about CO - N^O - one arrangements - 
as - it comes out. If each window is calculated beforehand, the parameter of the boundary of a 
related window is stored beforehand, and when required, it can lengthen. 
In hardware, software, and the above-mentioned portion, using the indicated method before. It 
turned out that measurement of the concentration of minute amount gas CO2 with the 
sensitivity which is equal to what was obtained only by having used gas chromatography and 
non-distributing infrared analytical skills, and accuracy in the atmosphere, CH^, N^O, and CO 
is possible. It seems that measurement of these FTIR(s) is linearity in the total range of the 
concentration beyond the range usually found out in the atmosphere. It follows and isotopic 
ratio ^^C02:^^C02 is decided to be contribution to all the C02 of contribution of each isotope, 
^^C02, and ^^C02 in accuracy higher than former FTIR technology. The level of the accuracy 
of measurement obtained by analysis of clean air by FTIR spectroscopy is summarized into 
the following table, sigma shows the standard deviation of single measurement among front. 
Sign delta^^ CO2 is a special sign showing ^^Ci^^^C in CO2 in a standard reference scale. 
Accuracy of 0.15/(per mil) 1000 about delta ''^002 (**slgma) 

It is equal to ** and **0.015% of ratio of ^^C02:''^C02 by which accuracy measurement was 
carried out. 
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The equipment which is a preferred embodiment can be used for conducting isotopic analysis 
of a sample. Especially a preferred embodiment can be used although the isotopic analysis of 
an exhalation sample is studied for the research on a human metabolic turnover, a certain 
obstacle, and infection. 

Diagnosis of breath analysis is generally used gradually. An expiration test provides the direct 
information which cannot be acquired by other methods. In addition, these are invasion more 
and provide the information acquired only by an expensive and dangerous method. 
As an example, use in the '''^C-urea expiration test for diagnosis of infection by the gastric 
ulcer resulting from Helicobacter Pylori of bacteria is. The traditional diagnosing method is 
based on the method [ invasion / biopsy / the gastroscopy of a stomach wall, and ]. Although it 
is prosperous to use an expiration test for diagnosing Helicobacter pylori infection, however 
since the isotopic ratio mass spectroscope required for the main technology of obtaining, about 
analysis of an exhalation sample at the present marketing is expensive, it is barred. The 
preferred embodiment using FTIR spectroscopy provides the substituting method which is not 
so expensive. From the test of the exhalation sample of the infected subject, it is already 
shown that the preferred embodiment has sensitivity and accuracy required to conduct this 
analysis. 

There is an expiration test from which many based on ""^C about various conditions and an 
obstacle differ. They are based on the same principle. In each case, if it is ''^C about a little 
substrates, the label of the time will be carried out by ^^C. ''^0 is not radioactivity (^"^C is so). 
It is completely safe even if it carries out a food intake. Substrates are usually other easy 
molecules, such as sugar, lipid, or urea metabolized, for example in a body. If the food intake 
of the substrate which carried out the label is carried out and it is metabolized, ''^002 will be 
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made to one of the metabolite. A blood flow is that it is quick in this, and, subsequently to 

expiration, it passes along the lung which is just going to be called. After carrying out the food intake 

of that by which the label was earned out by 13o *u * 13«/^ • ... 

' C, the rate that CO2 appears in expiration provides 

the information about the process which has passed along the substrate by which the label 
was carried out. For example, in the ^^C-urea expiration test, ^^C02 will appear in expiration 
very abundantly within 30 minutes when only the subject infected with Helicobacter Pylori 
carried out the food intake of the substrate. This is because the bacteria itself have 
decomposed ""^C-urea into ''^C02 and ammonia. Now, the plot of a CO^ ratio [ / in 30 
minutes ] is shown about drawing 6 about the patient who took a small amount of urea which 
carried out the label by ''^C in 30 minutes from the food intake. The first plot 70 shows the 
infection patient's ^^C02:^^C02. 
The next plot 71 shows the non-infected person's ratio. 

The level of the abundance of ^"^CO^ in expiration is small especially of all the above- 
mentioned tests, carrying out a deer, the test result of a positivity typically ~ s^Pii^t'o" " '* 
shown that a 13qq^.12^q^ ^^^.^ changes only only 0.5% - 2% ~ I will come out. However, the 
preferred embodiment has sufficient sensitivity to measure change of this level. 
If the method of this invention is followed in order to authorize by FTIR about the expiration test 
in diagnosis of Helicobacter Pylori as mentioned above, the difference of two samples is 
important rather than the absolute concentration of the kind of both samples. That is, it is a 
difference of the ^^C:^^C ratio about two samples which provides diagnosis of the positivity or 
negativity about Helicobacter Pylori. Therefore, as long as a reference spectrum common 
about the spectrum of two samples is used in order to make two absorption spectra of a 
sample, it will be suitable to use as reference a vacuum, nitrogen, the air except CO2, or the 
thing that is not removed. 

The ^"^C-lactose expiration test used by diagnosis of the :1. hydrocarbon malabsorption which 
is not what is restricted to these although the preferred embodiment is suitable also for using 
for other following ""^C expiration tests; the lactose malabsorption Is the cause by which 
diarrhea and abdomen dysphoria were known well. Other sugar, fructose, sucrose, and 
glucose can also be tested about the malabsorption. 

2. A """^C-triolein expiration test is used for diagnosing and supervising the lipid malabsorption 



of the patient of a pancreas disease, especially a way **** fibrosing disease. 
3. A ^^C-glycocholic acid expiration test is used for the evaluation with poor bile acid 
absorption which suggests colon cancer. This test can be used also for diagnosing growth of 
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the bacteria in a small intestine. 

4. A ^^C-aminopurine expiration test can be used for a hepatic function, for example, diagnosis 
of liver cirrhosis. 

The quantitative analysis also of the molecule of other gaseous phases with an absorption 
feature important for an infrared region is easily carried out by FTIR using the above- 
mentioned technology. 

The following are contained as molecular species which can do concentration analysis easily. : 
Carbon dioxide (CO^) 
Methane (CH^) 
Carbon monoxide (CO) 

it already stated - as - nitrous oxide (N2O); - and - Water (H2O) 

Ammonia (NH^) 

Sulfur dioxide (SO2) 

Hydrogen sulfide (H2S) 

Ozone (Og) 

Acetylene (C2H2) 

Ethane (C2Hg) 

Hexafluoro sulfur (SFg) 

Acetone (CH3COCH3) 

Formaldehyde (CH2O) 

.16q12^16q containing the following [ kind / which can perform quantitive isotopic ratio 
analysis easily / isotope ]. ^^O^^c'^O. '^o'^C^^O, ""V^C^^O, '^O^^C^^O, '^O^^C^^O 
(namely, isotope of CO2) 

^^CH^, ""^CH^, ""^CDHg (namely, isotope of CH^) 

12^160 ''C''0, '^C'^O, ''c''o (namely, isotope of CO) 

H^^^O, HD^^O, H2^^0. H2^^0 (namely, isotope of H2O) 

This list is not all. 

Some of these analysis can be conducted about the air, the expiration, and other gaseous 
phase mixtures which are not processed. At other cases, an unsettled sample needs 
processing and/or to condense the kind of an analysis object before FTIR analysis. 
The above-mentioned technology is applicable also to the concentration of a seed and the 
analysis of an isotopic ratio which are not the gaseous phase. This will include the chemical 
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process before analysis from which the kind of the gaseous phase changes analyte into one 
quantitatively. For example, the relative abundance of ^^C in the piece of wood of a piece and 
^^C can be decided by burning the piece of wood first. 

Analysis of other organic samples or the sample on geology can be conducted similarly. 
It will be well understood by the person skilled in the art that various change or corrections can 
be made about this invention drawn as a specific working example, without disobeying the 
pneuma and the range of this invention which were drawn extensively. Therefore, this 
examples are [ no ] points, are described and are restricted at all. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. Thls document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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s*, lo (v) t\ (v) immr£mm^nrcmm\fiv<D^m-^un^m^ 

fete, 



OV) mmt. vaV2{i:^L<, CCX'aimmo^MT'&f). a = (D/ 



l^7d^:5^*l'S/">'^^Ma (d-^^yi'XA-. 0. 6 0 3/L) OifiiJ;»3l|^^-^SV^= 
feL. fi (v) *^g§tt©«Jg«^*-r*?,. jlJ^^n/cX-^^byWi. TIE 



1 = loe xp [-T (v) ] 
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H I TRAN»/^5^-^?a^je (6) CtjeoTSaSlE^n^c ^EMS'V 



SEH" (stick) (DT.^i/hfi'^i^^u s-mmi. m&yt<D^mm-^ 

. T, (v) *»Sfci6{c. MxEOn-bV^y, :^•^7XS}gttPI!^*f^:fc»^l^ 

T (v) =exp (-T (v) ) 

tFOV) i:±tK/cfc^^Ctti. ^bT. ig^St^nSy-ffiS* OSii^feb 
©T*^^/iX-?^' b;l'tca-&^-<ir. ^mm^M<DX^^ V)\'<0^i!\\m-^-^'±^ 

abCa 1 c-^Gr a m s (^^^^'r-f ^ f'y^XhU- (M) ^ 

/ N > -> ^ - ) K j; D 53-*f -r S 46 ( c -b - y L T fc < o *^ i V \ 
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T"traJ.X^cD-<-X^^' y^m-^t^^. iiiDO^fH^fiStS^i: LTSi^ Ctic 

cfcD> oi^o-<-x^-r>:&. ffiKK. ^cDiffifc^t-a-scitA^T-tSo mm 
> -g-$ns*ISco^-ti^4^;i'X'^^h;VOjaf£tE-r€*v^tf, Lib^L. -^tyct 

&^^{i:OW->T, Drayson [S. R. Drayson 

, Journal of Quant. Spectrosc. Radiat. T 
r a n s f e r 1 6.6 1 1 (1 9 7 6)] Ojg»«:fflV^T^f >«{C*07 

»ltT. ^-LT, WI®OF0Vfi:j;SfiH^|J^tt©7-'Jxgg|, sin (n v 
/ (;rvo2x/2) A^^Sffl^tlSo YMt. /^y 

.^&r^PS*^~th«$n§^^tox-<^'h;i/cDjsr<gpgfcji^^§c!;3(c, 
*^Dm?>tii.o Tjf^i/'-fe-S/aygaSti. >t^y^'X*-. HftBISf, Happ 
-Genze K feL<tiy-by-'<-;l/B8gC^0-«5fi:fflV^P,nS^<OM 
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W1««{C*-3TV^«7'o^^A«:^fflLfe, LabCa 1 cfeL<aGr ams 

ffll^fcSftWg/jNZimiS (Classic Least Squares 
) V^h-i^xT-tt. LabCa 1 cCDjiiPtLT, L!!)^Lffiffl-e#S<fe5{i:rfJ 
mtEnT^\^^^^^'=7^7'^yf -fy'itT.hV- m) (DQuant CI a 
s s i c/^y^-S/"{cS-:5v>fc:fecD7?$.-3fc„ C L SffiOW^tc^^SSlti, A 
pplied Spectroscopy, vol. 3973 (1985)©, 
D M Haaland, R G E a s t e r 1 i n gfej;!:; D A Vop 
1 k atcJ;D/T^$nTV^So 
CLS (Classic Least S q u a r e s) ^J-Wi, 1 0^ 

cme^mA^nmm) ^pcr i^^mowim) ff&z. cn?.©73jiov^< 

CLStt, ^x-?^' h;l/{cov^T<De^ffT'fe5o cin?)©{k^thS'j£oa«o% 
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cDmrnt. imn'peo. m{f:^«cfo?SM©co, N20, ch4, coz:^:^ 

;?fx©x-?^'h;i'T\ «figao«Sax'^i'h;l/ft{e:s&Sc <:<D-b<y h*^?, c 

#-©#Mi^^M*®<i^©x--<^h;V^?ltffl-r„ cciat^S 

«Xr-y:/«, S^m*t:\ ^^Xx-y yoMjgLT-fe^o ^UX-r >y v^'x 
cDA:':«?i^^o*Eg©X'^i'h;VT'£!3, *»i®mos«o«aT'SSc C 

. 1^Xr>y:'"T^J6«tffl?nfc. jiLfc«0*-S*OX'^^ h;mpx.5 

^S-^ftX'^^ ^;^*ffi*^^IT§/ca6{cffll^5nft&#-M}|0X-?^' h;l/©M 

f=t^J*^ffiA^ftTi^^o SI[g0X-?^h;P5 oa. rfrfS«SSS©X'^^' h;l/T'2& 
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^^^■r^at LT*fflT'fe5o M^tJ. SST'fi, SSX-^^' hJlOZ 2 4 0 c 

H I TRANx-^^-t-x^c L s'Amio^^mtm^nmM^nrcx-<^ V 

fiJffl^nSo CCO#^(Dl^Sffl#M«¥a^ H I TRAN-r-^'^l-XtLT* 

5ffT'«^OBIS^t^X^r-;l/ (NOAA/CMDL. *Ha»#tC J; OilSf$ 
tlTV^S) *^#fig$tl/-Co F T I R MA L T/H I T R A NTP^SSn/cli* 
Sl^xy-;l/ti:<fcS«gli:a«;*c5 %o->x-rA±OM*^fe?) 5 t*'^ 
A^o/to cnti, MALTtHITRA N^ggO^tSO/tfetCflJffl-rSW^fC 

s 5 %*)S<?)iXX7^i.±(D^ati. ;^:^*F^ST'«^:V\ LA^L, V^<0*^©ffl 

jf^?5ftti:BSbaa;?fx0«fi:&^ig-rsJ#&. 'E,L<a. mm 

i^tctot^^^M^ti. aSX^-;Wr:J:Djl«*^!»JS^tiT 

„ CtHt. F T I R MA L T/H I T R A N^^X'Jr-;!/;^, H^Wtil^fen 
/sX';r-;Vfi:Ma-:3tt5©KSi£Oo ^ffl, #*iE^S}g©^Sa, FT I RCJ: 

3 05tR5Pit;-MttTisc3iP.g. mm(D±m^^(D^n<Dun(D'Amcm2 
(D^mmm m < itiit{>fit$n/c:^;«fx©Ki^*ii c^ffTr- e t 
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= m^lS. 04T'{i, 3 1 0 p p b vON2 0^#tr^a(DMi^©X-<i' h;!/*^ 

mm-e(D±\!giU'^mmnmic2 i7o-2270cm-' (Dmrnsc^T^o 

WC L S 2170-2260cm-i OM^CDfefc (3 fCfeS t^jg 

OtCOV^T, NzOcD/^VK®*^ (2 1 7 0-2 2 2 5 cm') 6 4^. ttt? 

*^-S;'?oTV^5„ •ffiiOit^^'- (2 2 2 5-2 2 7 0 cm 1 ) 6 5iJ:. .I^JC^ CO2 

K^^o -7^. feL. " C02COTON2 0©1f«i*i&T#tyi:, c 
02©M#tt*^8OT^C J: 0 N2 0©SiJ^mn5fel^*^fe^ i:K< ^:So N 

iBtCOt/^TOaaWft C L S«I^Sfi. MA L TtC j; !3ttMC$nftX-?i7 
*©^«^'>5irb-hL/5:l-fe>y hOX'^^h;l/;&{tSili:T-S5o MALT 

tiP.*fiJfflLT. A/jtLTMALTfi:j:t)ti-^?nfcX-<^h;Mct¥oT. C 
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««OgctfWfffflS*nfBn5 (Standard Error of Pred 

1 c t i 0 n mm(Dmmmm) ; feL<aiw«<D^ttw&«igfl«oRo o t 

Mean Squared Deviation «iM<7)¥73ffiO¥^©§« 

a«^n§^?t^sgii^!!)^ p. ifns fiE«ii:^a®ms*iii!iiT' t s *^^ffffl-r 
::^*MiiifetT^A\ ^iHicrtcs^&s^i^fflS-pfTa. mm(ommm (s t 

andard Error of P t e d i c t i o n) fi^^mtS^^^Ti. 

05 a, 2010cin't2180cmi T*«J?-itltP.tlfcX'^i' 

aS©«'J^^®fi^S*^P.. N2 OO^^ffl^fcOV^TCRB^I^^Kf* 2 0 2 0- 

2 2 6 0 cm ' ©M«-i?feS<li:*^^iS$n5= CCO^^fi^^a, tS6 7 

4S6 8§#-e04{i:7n$nSo ;fe4S^2 2 6 O cm ' J; 0 1 o i:fg< jl^'fc. X 

^li«A^S*t)tlS„ ffi:^, ^.0;fcS*2 2 6 0 cm' J:t3-roi:«<M^t. 

®)t^W^*i6 7^2 0 2 0 cm 1 -J?. N2 0©Mfefifi©aOMt> tTfc/h 

t^tc. citi?.o«iSA^-<-xv^'>^#®#iJ-SO{i:^§j5:o*^?,T'fe5o 
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E»-r5jS«t««^«f-^/-c, ;^^*O»iS;?fXC0E, CH4. NzO. COO 
TlRlfiLfti±'2 C 02 : " c 02*^ mOFT I RSffiJ: t) feffiV^ffl«T'ft 

tbtbti^o FT I R^^•7t^^c<}:^)^f^t^McD5^■w■e^ffc:alJ^iHS(D^-<;l/^cov^ 

C02f4. ^!p©#MX^r-;l/T(DC02fp©>2 C : C^a-TiSfS'iOte^T'^S 

c 5" COzfCOV^Tdl 0 0 057- (mi I Sfc»3) 00. 1 5 Olfg (±o) 
fi:. ±0. 0 1 5 %cDi»a?SJ^^nfc'3 C02 : '2 C 02tDitfC^LVv 
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/^i'^f-lfnUtcJS^LftS^SC^ii*^ »H^ffiftLfc3 0^i'F«3{CPf«(ci3 c 

c ozitcDfu-y bA^^^nrSo h 7 oa, « 

C O2 : '2 C 02*^LTfeD. ^<D:7'n-y h 7 1 a^^!S»#cD]:b^^ 
T-#fC/h$VV UttOrXhigStt, Pf«ffiO>3 C 02 : >2 COzit*^ 
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h-X, Xi'n-x, ^^;l'3-XfeM^aii:ov^T-rXbT#So 

2. '3 c-hu*w>i^MT-xha. ■rv^Bi;05.#>. ma^iom^wm&omm 

3. '3 c-i^'U3=i-;vKi*«xxha. ^m^m^^-r^. mwmmiu^^o 

So 

TFT I RtCjcD^ltc^M^J-WetSo 

=Mitmm (C02) 

(CH4) 
-mitmm (co) 

■TTfciE'^fc cfc d tSKfb^* (N2 0) : ^ LT 

7k (H20) 

7>^::::7 (NH3) 

-mit-f^"^ (soz) 

iifk7j<m (H2S) 

tVy (03) 
r-bf-u-^ (C2H2) 

(C2H6) 

-^^^y^ltU-ft^ (S Fe) 
(CH3COCH3) 

4-^;l'A7;l'■r~t: H (CH2O) 
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16 0'2 0. 0'3 C'S O. '8 CI6 O, 17 012 C16 « O" CIS " 

0" CIS O (I|]-ec02C0|B|ffi«:) 

■2CH4, '2CDH3 (I|]-6CH4 0r^fift) 

'2 c's 0. '3 CIS 0. 12 CIS 0, " ci7 0 (.mt>co(Dmmm 

14 NH 0, 15 N'^ N's 0 ; N'" N's 0 (gp^ N2 OOHfuft) 
H2ISO. HD«0. H2I8O. H2"0 (ip-5H20Ollfi#) 

mc-oi^rnoctif^T^^. mom^x-n. mmm<Duni>t. ft i R^m<D 
ofk^fi^ixS^^tfcirfcj&ST'Saao WJ^tf. -M-c^M-oifoi^ ct" c 
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